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Abstract: Background: Onychomycosis or nail fungal infection is the most common nail disease. Despite the wide 
range of studies on this condition, it remains difficult to establish the correct diagnosis and effective treatment. 




Objectives: To evaluate the efficacy of classical laboratory methods for the diagnosis of onychomycosis, and the 
in vitro susceptibility of the its main etiological agent to antifungals used in routine. 

Methods: Nail samples of 100 patients with clinically suspected feet onychomycosis were collected to confirm 
the diagnosis by direct mycological examination and fungal culture. In vitro antifungal susceptibility testing 
was performed against strains of the main dermatophyte isolated by microdilution, according to the standard- 
ized protocol (M38-A2 - CLSI) 

Results: Clinical diagnosis of onychomycosis was confirmed by laboratory analysis in 59% of patients. Of these, 
54.2% were positive only in direct mycological examination, 44.1% in direct mycological examination and cul- 
ture, and one case (1.7%) was positive only in culture, resulting in weak agreement between these tests (Kappa 
= 0.385; p <0.001) High minimum inhibitory concentration values of fluconazole and itraconazole were 
observed in 66.7% and 25.0% of isolates of T. rubrum tested. Additionally, high MIC values of terbinafine and 
ciclopirox was detected in only one isolate, and this was one of the strains in which in vitro activity of itracona- 
zole and fluconazole has not been proven. 

Conclusions: Poor agreement was observed between direct mycological examination and culture for the diag- 
nosis of onychomycosis, with direct mycological examination being significantly more sensitive. Except for flu- 
conazole, the other three antifungals tested showed good in vitro activity against clinical isolates of T. rubrum. 
Keywords: Diagnostic tests, routine; Onychomycosis; Prevalence 



INTRODUCTION 

Onychomycosis is a nail infection caused by 
fungi, which may behave as primary pathogens inva- 
ding the healthy nail plaque or develop secondarily to 
a preexisting nail disease. According to Haneke and to 
Zanardi et al., onychomycosis is the most common 
nail disease, accounting for nearly 30% of skin myco- 
ses and from 18 to 40% of all nail conditions.'-^ When 
compared to other skin fungal infections, it is the most 
frequent and the most difficult to treat.-^* 

Onychomycosis is considered an important 
public health problem, due to its high prevalence and 
therapeutic difficulty associated with high rates of 
recurrence and progression to chronic lesions."' 
Other authors reinforce its relevance in clinical practi- 



ce because of its interference with patients' quality of 
life, leading to cosmetic impairment as well as to low 
self-esteem and functional capacity, even compromi- 
sing work performance.'"" 

Considering that it is not possible to confirm 
onychomycosis based only on clinical characteristics 
of the lesions and that etiologic agents have variable 
susceptibility to antifungal drugs, laboratory diagno- 
sis is considered a necessary tool to establish disease 
etiology and help choose the best therapeutic 
option.^-'^ However, although treatments for onycho- 
mycosis imply a high cost, collateral effects, and pro- 
longed treatment time, in practice they are not used 
only when there is confirmed diagnosis, and negligent 
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patients usually do not see the doctor to receive 
appropriate guidance and treatments; in addition, 
empirical treatments are prescribed when there is only 
clinical suspicion but no laboratory confirmation of 
onychomycosis." 

In view of the foregoing, this study aimed to 
evaluate the efficacy of classical laboratory methods 
for the diagnosis of onychomycosis in patients with 
nail diseases suggestive of fungal nail involvement 
and the in vitro susceptibility of the main etiological 
agent of onychomycosis to antifungals used in routine 
care, with the purpose of contributing to a better diag- 
nostic and therapeutic approach. 

MATERIAL AND METHODS 

A prospective cross-sectional study was con- 
ducted with 100 patients treated at a private dermato- 
logy clinic of Rio Grande, Southern Brazil, and at the 
Dermatology outpatient clinic of the University 
Hospital of Universidade Federal do Rio Grande (HU- 
FURG) during a period of 18 months (January 2011 
and June 2012). 

The study was approved by the Research Ethics 
Committee of FURG (CEPAS no. 23116.002009/2011- 
14), and all patients who agreed to participate in the 
investigation signed a written consent form. The sam- 
ple included patients who presented with changes in 
toenails compatible with onychomycosis, such as 
color change (yellowish or whitish nails), nail fragili- 
ty, changes in nail thickness, and/ or detached nail 
plate. The sample was selected by convenience. 
Exclusion criteria were: patients using topical and/ or 
antifungal drugs at the time of sample collection or up 
to 15 days before the day of collection, individuals 
younger than 12 years old, and patients whose clinical 
samples were not enough for laboratory processing. 

Patients underwent anamnesis and dermatologi- 
cal physical examination for collecting data on gender, 
age, skin color, time of lesion onset, previous antifungal 
treatment, clinical classification of onychomycosis type, 
number of affected nails, and presence of tinea pedis. 
Subsequently, clinical samples were collected by nail 
scraping after proper antisepsis with 70% alcohol. The 
first debris collected was discarded, and fragments 
were obtained from the site closest to the transition bet- 
ween normal and affected naUs areas. Samples were 
kept in sterile Petri dishes and processed in a mycology 
laboratory during a period of at least 48 hours. 

Laboratory processing consisted of direct 
mycological examination (DME) and fungal culture. 
DME was performed by adding potassium hydroxide 
(KOH) 40% to nail fragments and scales with subse- 
quent analysis by optical microscopy at 100-400x mag- 
nification. In this first evaluation, negative samples 
were stored overnight in a humid chamber and exami- 



ned again on the following day to confirm the result. 

Fungal isolation was achieved by seeding 
duplicate samples and arranging nail fragments in 
Sabouraud dextrose agar added with chlorampheni- 
col (SCL) and SCL agar added with cycloheximide. 
Cultures were incubated at a temperature of 25°C for 
up to 30 days with daily observations for checking 
fungal growth. The identification of the fungal 
genus/ species was performed by observing both 
macroscopic (macromorfology) and micromorpholo- 
gic aspects of isolated colonies, as well as by perfor- 
ming biochemical tests when needed. 

Samples whose mycological culture revealed 
the growth of dermatophytes were considered positi- 
ve, which confirmed the diagnosis of tinea unguium 
regardless of DME results. On the other hand, yeasts 
and nondermatophyte filamentous fungi (NDFF) iso- 
lated in cultures were considered etiologic agents only 
when DME results showed compatible structures, i.e., 
blastoconidia and tortuous septate hyaline hyphae, 
respectively. 

In vitro antifungal susceptibility testing was 
performed against strains of the main dermatophyte 
isolated from clinical samples [Trichophyton rubrum) 
by duplicate microdilution, according to the protocol 
described by the Clinical and Laboratory Standards 
Institute (CLSI) 2002 guidelines, document M38-A2 
for filamentous fungi. The following antifungals were 
tested: ciclopirox (32 to 0.0625^g/mL), terbinafine (0.5 
to O.OOOlng/mL), fluconazole (64 to 0.125|ig/mL), and 
itraconazole (0.5 to 0.0001|xg/mL). The lowest anti- 
fungal concentration capable of inhibiting 80% of fun- 
gal growth was considered the minimum inhibitory 
concentration (MIC). 

Descriptive analysis of data frequency was per- 
formed to investigate the association between varia- 
bles of interest using the chi-square test for categorical 
variables and the t-test for quantitative variables. The 
Kappa coefficient was used to analyze the level of 
agreement between DME and mycologic culture. In 
all tests, the level of confidence was set at 5%. 

RESULTS 

Of the 100 patients included in the study, 78 
were women and 22 were men, and 74 were white. 
Mean age was 47 years old (standard deviation: 15.7 
years) and 37% of patients were older than 50 years. 
Most patients came from the private clinic (85%). 
Additionally, 67% reported to have been suffering 
with skin lesions for more than 1 year (during a 
period ranging from 13 months to more than 10 years) 
and 61% of all cases had a history of antifungal treat- 
ment. Thirty patients presented with tinea pedis, and 
half of the patients had up to two nails affected by 
onychomycosis, 24% had between three and five nails 
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affected, and the remaining 26% had more than five 
nails affected (from six to ten). 

Clinical diagnosis of onychomycosis was con- 
firmed by laboratory analysis in 59 of patients (59%), 
with mean age of 48 years (p=0.700). Among these 59 
cases, 24 (40.7%) were aged above 50 years, 43 (72.9%) 
were female, 16 (27.1%) were male (p=0.273), and 44 
(74.6%) reported that lesion onset occurred more than 
a year before. 

Of the 59 confirmed cases, 32 (54.2%) were posi- 
tive only in DME, 26 (44.1%) in DME and culture, and 
one case (1.7%) was positive only in culture, which 
resulted in a weak agreement between DME and 
mycologic culture (Kappa=0.385; p<0.001) (Table 1). 
Clinically, 44.1% (n=26) of the confirmed cases of ony- 
chomycosis were characterized by distal lateral 
subungueal onychomycosis (DLSO), 25.4% (n=15) by 
total onichodystrophy, 5.1% (n=03) by superficial 
white onychomycosis, and 25.4% (n=15) by a mixed 
pattern (presence of total onichodystrophy associated 
with DLSO or another pattern described) (p=0.235). 
DME revealed the presence of regular septate hyaline 
hyphae in 50 patients, of tortuous septate hyaline hyp- 
hae in other five cases, and of oval and single-budding 
blastoconidea in three patients. 

Table 1: Diagnosis of onychomycosis using direct mycologi- 
cal examination (DME) and mycological culture in clinical 
samples of patients with toenail diseases 

Culture 

Positive Negative Total 

DME Positive 26 32 58 

Negative 1 41 42 

Total 27 73 100 



Mycologic culture allowed reaching a definite 
diagnosis of tinea unguium in 19 cases, 17 of which 
caused by T. rubrum and two by E. floccosum. In three 
cases, yeasts of the genus Candida were isolated from 
clinical samples, and the diagnosis of onychomycosis 
for this agent was considered due to the association 
between fungal isolation and the presence of blastoco- 
nidea in DME. Furthermore, other 10 cases with posi- 
tive culture showed the growth of NDFF as belonging 
to genera Fusarium (n=4), Aspergillus (n=5), 
and Acremonium (n=l). Of these 10 patients, in only 
five the isolated NDFF (Fusarium sp. [n=4] 
and Aspergillus niger [n=l]) was considered the causa- 
tive agent of nail lesion, due to its association with 
DME showing the presence of tortuous hyaline hyp- 
hae. In the other five patients with negative DME, the 
NDFF isolated by culture was considered be concomi- 
tant and have no clinical implication. The case confir- 
med only by culture, whose DME result was negative, 
was caused by T. rubrum. 

Laboratory diagnosis of onychomycosis occur- 
red in 86.7% (26/30) of patients with associated tinea 
pedis infection (p<0.001). The two cases of onychomy- 
cosis by E. floccosum presented with associated tinea 
pedis, which was also found in 47.1% (8/17) of patients 
with h'nefl unguium by T. rubrum. 

Of the 12 T. rubrum isolates tested in vitro, 66.7% 
showed high MIC values for fluconazole (MlC>4.0ng/ 
mL), 25% for itraconazole (MlC>0.25ng/mL), and only 
one isolate (8.3%) had MlC>1.0(ig/mL for ciclopirox 
and MlC>0.5|xg/mL for terbinafine (Table 2). MlCgo and 
MIC90 of fluconazole were 16|jg/mL and 64|ig/mL; of 
itraconazole, 0.125ng/mL and 0.25|xg/mL; of ciclopirox, 
0.5|ig/mL and 1.0|ig/mL; and of terbinafine, 
0.0625ng/ mL and 0.125ng/ mL, respectively. 



Table 2: Results of microdilution tests for the evaluation of the in vitro activity of four antifungals against 12 clinical isolates 
of T. rubrum coming from cases of onychomycosis 

Clinical isolate Itraconazole (MIC) Fluconazole (MIC) Terbinafine (MIC) Cyclopirox 



1 


0.0625|ig/mL 


l|ig/mL 


0.0078|ig/mL 


0.5ng/mL 


2 


0.0625|ig/mL 


2|ig/mL 


0.0313ng/mL 


0.5ng/ mL 


3 


0.0625|ig/mL 


l|ig/mL 


0.125|ig/mL 


0.5|.ig/ mL 


4 


0.0625^g/mL 


>64ng/mL 


0.0313ng/mL 


lUg/mL 


5 


0.125^g/mL 


2|ig/mL 


0.0313ng/mL 


0.5ng/mL 


6 


0.125^g/mL 


8|ig/mL 


0.0313ng/mL 


0.5ng/mL 


7 


0.125ng/mL 


16ng/mL 


0.25ng/mL 


0.5ng/ mL 


8 


0.125ng/mL 


32ng/mL 


0.125^g/mL 


Itig/mL 


9 


0.125ng/mL 


>64|ig/mL 


0.125|ig/mL 


lUg/mL 


10 


0.25ng/mL 


64|ig/ mL 


0.125ng/mL 


0.5ng/ mL 


11 


0.25ng/mL 


>64|ig/mL 


0.0625|xg/mL 


Itig/mL 


12 


0.5ng/ mL 


>64|ig/mL 


>0.5|xg/mL 


2ng/mL 



MIC: minimum inhibitory concentration. 
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DISCUSSION 

This study evaluated the classical laboratory 
methods to confirm the diagnosis of clinically suspec- 
ted cases of feet onychomycosis. Similarly to the fin- 
dings described by Souza et ah and Costa-Orlandi et 
al, a positive rate of around 60% was found, and most 
cases were clinically characterized as DLSO."-'' These 
data are in agreement with literature reports that cha- 
racterize DLSO as the most commonly observed clini- 
cal pattern.^'" 

Cases whose clinical diagnosis of onychomyco- 
sis was not confirmed by laboratory tests may indica- 
te false-negative results due to irregular fungal distri- 
bution in the lesions or due to extensive keratiniza- 
tion, which makes it difficult to perform a proper col- 
lection of nail material and leads to absent or scarce 
fungal spores in the sample." In this context, 
Meireles et at}* propose performing mycological tests 
in three consecutive samples collected at intervals 
from 2 to 5 days, which is proven to increase diagnos- 
tic accuracy. 

On the other hand, some of these cases whose 
mycological tests were negative may have been clinical- 
ly confounded with onychomycosis when they could 
actually represent nail changes caused by psoriasis, 
lichen -planus, traumatic onychodystrophy and onycholy- 
sis, idiopathic onycholysis, nail tumors, and other condi- 
tions and changes that should always be included in the 
differential diagnosis of onychomycosis.'""' 

The weak agreement between DME and culture 
observed in our investigation (Kappa<0.40) is lower 
than that described by Souza et al. (Kappa=0.54) and 
by Zanardi et al. (Kappa=0.63) and is related to diffe- 
rences in sensitivity between the two techniques.^"™ 
This difference, which arises from the higher positivi- 
ty detected in DME compared to culture methods, has 
been found both in our study and in those conducted 
by other authors and results from the fact that positi- 
ve results are observed in culture methods only when 
the microorganism reproduces to form fungal colo- 
nies, which requires fungi to be viable. Conversely, 
fungal viability is not required for achieving positive 
results in DME, a test that allows visualizing parasite 
fungal structures even they are not viable.^" Cases of 
onychomycosis whose samples were positive for 
DME and negative for fungal culture may also be 
attributed to culture contamination by anemophilous 
microorganisms that hamper the identification of the 
real etiologic agent." 

Although mycological culture is less sensitive 
and capable of confirming a smaller number of cases 
of onychomycosis when compared to DME, it should 
be emphasized that it has higher specificity.- Thus, 
both tests should always be performed for the etiolo- 
gic diagnosis of onychomycosis, because DME allows 



observing only the vegetative structures of the fungus 
(parasitism) from the sample, but the reproductive 
structures required for fungal identification can only 
be visualized after the microorganism is isolated in 
culture medium. 

Of the 27 cases whose mycological culture 
revealed fungal growth, 19 were caused by dermatop- 
hytes, and T. nibrum was considered the main etiolo- 
gic agent, accounting for 89.4% of the cases of tinea 
unguium, which is in agreement with the literature 
showing that this species is the main cause of nail 
involvement, especially in terms of toenails."-''""'^"' 

The rate of 5.1% of cases caused by yeasts is 
similar to that found by Lopes et al.'', who observed 
that yeasts were responsible for between 1.7 and 2.8% 
of the cases of feet onychomycosis. Araiijo et al.^ and 
Martelozzo et al.^ also obtained similar results in their 
studies and observed that these agents were more fre- 
quently isolated in fingernails than in toenails (26.1% 
and 37% in feet onychomycosis and 93.4% and 76% in 
hand onychomycosis respectively). 

In our study, NDFFs accounted for 8.5% (5/59) 
of the confirmed cases of onychomycosis and, similar- 
ly to what has been previously described, Fusarium sp. 
was the main causative agent."* Considering that 
these microorganisms may be contaminant or colonize 
bodily areas with no clinical implication, they can only 
be considered the etiology of onychomycosis when 
their culture isolation is associated with the presence 
of tortuous hyaline hyphae in DME, which occurred in 
our study, or when the same NDFF is isolated from 
repeated samples collected at two or more different 
times and there is no growth of dermatophytes.^*^' 

Mean age of patients with confirmed onycho- 
mycosis was nearly 50 years, and there was a predo- 
minance of females, who accounted for 72.9% of the 
cases, but with no statistical difference. These data are 
in agreement with those of literature showing a fre- 
quency of onychomycosis ranging from 67% to 74% in 
females and higher frequency of disease in adults 
aged over 40 years.''"" These findings are justified by 
differences in habits of hygiene and nail care, which 
are more related to females than to males, since fungal 
infection depends on factors related to the host." 

The trend of this disease to evolve and become 
chronic was evidenced in our study by the fact that 
nearly 50% of patients presented with lesions caused 
by onychodystrophy and had more than two nails 
affected by disease, 75% reported that the lesions had 
appeared more than 1 year before, and 44.1% presen- 
ted with associated tinea pedis?'"'''' 

More than a half of the total number of study 
patients reported previous use of antifungals (61%), 
which shows the difficulty in treating onychomycosis 
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and its high rates of recurrence, issues that may be 
attributed to different factors such as host circulatory 
disorders, nail hyperkeratosis (a condition that hin- 
ders drug penetration into the skin), drug bioavailabi- 
lity, advanced age, drug interactions, or inadequate 
treatments It should be emphasized that inade- 
quate treatments, caused either by high costs or com- 
plexity, involve lack of patient adherence to posology 
and/ or to the recommended treatment period - which 
often leads to discontinuation of therapy -, and may 
result in the increase in fungal resistance to drugs.^* 

In this context, in vitro susceptibility tests of 
onychomycosis agents to the main antifungals used in 
the treatment of this infection have demonstrated the 
existence of strains with in vitro resistance to antifun- 
gals, as observed in our study, where 66.7% of isolates 
of T. rubrum showed high MIC values for fluconazole, 
25% for itraconazole, and only one isolate for the four 
antifungals tested.^*'^''' Similar values for fluconazole, 
itraconazole and terbinafine were described by 
Araujo et al.^ Susceptibility data against our 12 isola- 
tes of T. rubrum were also in agreement with other stu- 
dies that point out to high MIC values for fluconazole 
and better response of terbinafine as an antifungal 
against dermatophytes.''^'^' 



In line with the abovementioned findings, aut- 
hors suggest that the most efficient antifungals for the 
systemic treatment of onychomycosis are usually ter- 
binafine and itraconazole. Both substances are asso- 
ciated with better therapeutic results, shorter treat- 
ment time, longer remission time, and less side 
effects.™-'' 

CONCLUSION 

Mycological tests allowed to confirm the diag- 
nosis of onychomycosis in 59% of patients with nail 
diseases suggestive of fungal infections. Significantly 
higher positivity rates were found in DME compared 
with culture, revealing weak agreement between the 
two tests. Additionally, high MICs for fluconazole 
were found against more than a half of clinical isola- 
tes of T. rubrum, while the other antifungals tested in 
this study (itraconazole, ciclopirox, and terbinafine) 
showed good in vitro activity against this etiologic 
agent. □ 
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